Despite increased treatment availability, HIV-infected individuals continue to start antiretroviral therapy (ART) late in disease progression, increasing early mortality risk.
a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Substantial efforts have been made to accelerate diagnosis of HIV infection and start infected individuals on ART as soon as possible [1] [2] [3] . However, many HIV-infected individuals continue to delay testing and/or treatment until they are symptomatic with advanced HIV disease progression [4] [5] [6] , increasing their risk of early mortality [7, 8] . Prior studies in sub-Saharan Africa and other settings have identified sociodemographic predictors of early mortality including male gender [7, [9] [10] [11] and older age [7, 9, 10] . Measures of lower socioeconomic status [12, 13] and single marital status [13] have also been identified in some, though not all [14, 15] studies that investigated these factors. Clinical predictors of mortality include low CD4 count [7, 9, 10, 16] and low body mass index (BMI), weight loss, and malnutrition [7, 16] . Pretreatment drug resistance (PDR) was observed to impact longer-term mortality (>6 months post-ART initiation) in one study [17] , but was not associated with mortality within 1 and 2 years post-ART in another [18] . In Kenya, some rural areas have lower rates of HIV testing, greater delays in treatment, higher HIV prevalence, higher HIV-related mortality [19] [20] [21] , and greater burdens of other infections including diarrheal diseases, tuberculosis and other respiratory diseases, and malaria both generally and among HIV-infected individuals [19, [22] [23] [24] [25] .
The objective of this nested prospective cohort study was to assess the risk and predictors of short-term mortality among individuals participating in a randomized clinical trial (RCT) who initiated ART in 2013-2014 at two treatment clinics implemented by the same program (with the same clinical procedures and protocols), one in urban Nairobi, the capital city, and one in rural Maseno, Kisumu in Western Kenya. We examined sociodemographic and clinical correlates of mortality overall and across these sites. We hypothesized that older age, male gender, indicators of lower socioeconomic status, being enrolled at the rural vs. urban clinic, low CD4 count, low BMI, and PDR prior to ART initiation at study enrollment would correlate with increased mortality risk in unadjusted analyses. We also utilized multivariable regression ERC) to protect participant confidentiality and privacy due to the sensitive nature of the health information included in our analyses. Data collected from the study, including individual deidentified participant data and a data dictionary defining each field in the set, study protocol, statistical analysis plan, and informed consent form will be made available to others upon request after publication of this manuscript reporting study results and with a signed data access agreement. Data requests can be made to Engi Attia (eattia@uw.edu) at the Treatment Research and Expert Education (TREE) program in the Department of Global Health at the University of Washington.
to assess the independent effects of these factors through exploratory analyses. By stratifying by treatment clinic site in all analyses, we examined potential differences in mortality correlates across the rural and urban locations. We ultimately aimed to gain greater understanding of factors driving short-term mortality risk among HIV-infected individuals initiating ART in high disease-burden areas in Kenya and similar settings.
Materials and methods

Study design, setting, and participants
This study was approved by the Human Subjects' Committees at Seattle Children's Hospital in Seattle, Washington (Institutional Review Board (IRB) Study #: 14124), and Kenyatta National Hospital in Nairobi, Kenya (Ethical Review Committee (ERC) Project #: P447/06/2016; approval reference #: KNH-ERC/A/297). All participants provided written informed consent prior to study enrollment as approved by the Human Subjects' Committees at Seattle Children's Hospital in Seattle, Washington, and Kenyatta National Hospital in Nairobi, Kenya.
We nested a prospective cohort study within a randomized clinical trial (RCT) investigating resistance testing-informed versus standard of care (SOC) treatment (RCT name: Oligonucleotide Ligation Assay (OLA) Resistance Study; ClinicalTrials.gov identifier: NCT01898754). Enrolled patients received care through the Coptic Hospital Hope Center for Infectious Diseases at three locations in Kenya, which provides HIV care [26, 27] , standardized across clinic locations. For this RCT [28, 29], HIV-infected patients were enrolled from May 28 th , 2013 to November 5 th , 2014 at two clinics located in urban Nairobi (Ngong Road and Industrial Area) and one in rural Maseno, Kisumu. Participants received a CD4 test and health assessment through the Hope Center and were referred to the study if eligible for the RCT. Participants were followed for 12 months from ART initiation, either monthly or every two months per clinician discretion, and attended an exit visit at 15 months to receive their final OLA results. Eligibility criteria for the RCT included that participants were over two years of age, willing to initiate ART, and eligible to initiate ART based on Kenyan National Guidelines at the time of enrollment. The CD4 count threshold for ART eligibility from 2011 through mid-2014 was 350 cells/μL [30] and increased to 500 cells/μL in 2014 [31] . For this analysis, we included participants who were 18 years and older and excluded those enrolled in the Industrial Area of Nairobi due to small numbers of participants and differences in socioeconomic characteristics compared to Ngong Road participants [29] . Study size was limited by the number of eligible participants enrolled in the RCT.
At enrollment, participants completed a baseline questionnaire and a blood sample was collected. The baseline questionnaires collected sociodemographic, economic, and health information. Participants were randomized at enrollment, prior to ART initiation, to either SOC non-nucleoside reverse transcriptase inhibitor (NNRTI)-based ART, or were tested for PDR using an OLA to inform their initial ART regimen. The OLA is point mutation test designed to detect �2% mutant-frequency in a participant's HIV-quasispecies at pol codons K103N, Y181C, G190A, M184V, and K65R [28, 29, [32] [33] [34] . PDR was defined as having mutations detected by OLA. To prevent false-positives, low-level mutations <25% of an individual's HIV quasispecies were confirmed using Illumina sequencing described elsewhere [29] . Mutations detected by OLA but not confirmed via Illumina were defined as wild type. Those in the OLA arm with �10% drug resistance detected were initiated on protease inhibitor (PI)-based treatment recommended for second-line ART. ART initiation began at the first follow-up study visit scheduled approximately two weeks from enrollment. Baseline samples from participants randomized to the SOC arm were later tested for PDR and results were available to all participants at their exit visit at 15 months. Participants who missed a visit and did not respond to several phone call attempts, received a home visit by a trained community health worker to ascertain their status and attempt to re-engage them in the study and treatment. Dates and causes of illnesses, hospitalizations, and deaths were obtained during follow-up from medical records and/or verbal autopsy via a patient's relative or other contact when available. Bias was minimized by using a prospective longitudinal study design with frequent study visits and robust follow-up methods including home visits to maximize retention and assess vital status for participants who missed visits.
Statistical analyses
Baseline sociodemographic, economic, and health characteristics among adult enrolled patients seeking ART initiation were described for the cohort overall and compared by clinic site (Nairobi vs. Maseno) to assess differences by location using a t-test assuming unequal variance for continuous variables and a Chi-square test for binary and categorical variables. Correlates associated with not initiating ART were assessed by logistic regression to understand difference between enrolled, ART eligible, participants who did and did not attend the ART initiation visit due to known death, withdrawing from the study, or loss to follow-up.
We compared mortality incidence rates among patients who attended their first follow-up visit to initiate ART, from ART initiation visit to death date. Participants who initiated ART but withdrew from the study or were lost to follow-up were censored at the date of their last attended visit and those who completed follow-up were censored at 365 days after ART initiation. Participants who transferred to a different clinic location were censored at the date of their last visit attended at the clinic at which they enrolled. Deaths caused by unexpected injuries (e.g. motor vehicle accidents), rather than illnesses, were excluded as outcomes and these individuals were censored at their date of death. Deaths with unknown causes were included as outcomes.
Potential correlates investigated included location (Maseno vs. Nairobi), age group (18-24, 25-34, 35-49, �50), gender (male vs. female), relationship status (married or attached vs. single), years of education (0-11 vs. �12), employment status (unemployed vs. employed), sanitation access (flush toilet vs. pit latrine), and travel time to clinic (continuous). Unemployment may be associated with or caused by illness associated with mortality in addition to socioeconomic status, so was excluded from multivariable analyses due to issues of collinearity. We also investigated mortality risk by baseline health indicators including standard BMI categories (<18.5 m/kg 2 [underweight], 18.5-24.9 m/kg 2 [healthy], �25 m/kg 2 [overweight/obese]), CD4 lymphocyte count categories defined by commonly used ranges (<100, 100-199, 200-349, �350 cells/μL), and PDR (vs. wild-type). To investigate the potential impact of the RCT intervention, we compared mortality among those with �10% PDR detected at enrollment (randomized to receive resistance-guided-treatment) by study arm. Cox proportional hazards regression with robust standard errors was used to compare mortality risk by these potential correlates in unadjusted analyses. To investigate the independent relationship between these variables and mortality, we adjusted for combinations of likely correlates in multivariable Cox proportional hazards regression models. Correlates associated with mortality at P�0.05 in unadjusted regression and those selected a priori as likely mortality correlates were included in the multivariable models. CD4 count and BMI were excluded from the initial multivariable model to investigate correlations between sociodemographic variables and mortality when not adjusting for these strong clinical predictors. CD4 count and BMI were then included separately in subsequent multivariable models to account for collinearity between these variables and determine independent effects of sociodemographic variables, and finally included together to assess independent effects of all potential correlates. Age and years of education were included as continuous variables in all multivariable regression models. We also stratified univariable and multivariable analyses by location to investigate differences in mortality correlates and risk between Maseno (rural) and Nairobi (urban). Cox proportional hazards regression, enables us to control for losses to follow-up and minimize biases in our analyses. Those with missing data were excluded from the regression analyses in which those variables were included.
Kaplan-Meier survival curves show survival from ART initiation visit by select correlates identified in regression. Curves were stratified by location for correlates with an association that differed by clinic site.
Results
Participant characteristics
Descriptive statistics on demographics, socioeconomics, and baseline health and laboratory information are shown for the 867 adults enrolled overall and by clinic location among 655 participants at the Nairobi (Ngong Road) clinic, and 212 at the Maseno clinic (Table 1) . Age was similar between clinics, with a median of 38 years. More women enrolled in Maseno than Nairobi (73% vs. 64%; P<0.05). Nairobi participants had greater median number of years of education compared to Maseno (12 vs. 8 years; P<0.001). More participants in Maseno were unemployed than in Nairobi (38% vs. 14%; P<0.001) and fewer had access to a flush toilet (6% vs. 61%; P<0.001). Cost of and time spent traveling to the clinic were slightly greater in Nairobi (P<0.05). More participants were underweight (BMI <18.5 kg/m 2 ) in Maseno than Nairobi (28% vs. 13%; P<0.001). More participants in Nairobi had a CD4 cell count <50 cells/μL than in Maseno (16% vs. 9%; P<0.05), and fewer �350 cells/μL (12% vs. 18%; P<0.05). Slightly more participants in Maseno than Nairobi had PDR (12% vs. 9%) but this was not statistically significant.
Enrollment, ART initiation, and follow-up summary
Of the 867 enrolled participants, 20 (2%) were known to have died and 28 (3%) withdrew, transferred, or were lost to follow-up prior to initiating ART. Overall, 612 (93%) in Nairobi and 207 (98%) in Maseno initiated ART. Of those who initiated ART, 56 (7%) died (including 1 auto accident), 52 (6%) withdrew or were lost to follow-up, and 8 (1%) transferred clinics within 12 months (Fig 1) . Causes and/or symptoms reported at time of death are described (S1 Table) . Those who did not initiate ART (n = 48) were more likely to be in Nairobi (P = 0.026), unemployed (P = 0.001), and have CD4 count <100 cells/μL (P = 0.035), compared to those who initiated ART ( Table 2) ; among these, 20 (42%) were known mortalities and the remaining 28 were lost to follow-up with unknown vital status.
Among those who initiated ART, the average time from enrollment to ART initiation was 21 days (median 16; IQR: 16-22) overall, 22 days in Nairobi (median 17 days; IQR: 14-23), and 18 days in Maseno (median 14 days; IQR: 14-21). The average follow-up time within 365 days from ART initiation was 330 days overall, 334 in Nairobi, and 317 in Maseno (overall and by location the medians were 365 days and the IQRs were 365-365). Among those who were not reported dead within 365 days from ART initiation, the average follow-up time was 346 days overall, 347 in Nairobi, and 346 in Maseno (overall and by location the medians were 365 days and the IQRs were 365-365).
Mortality incidence and correlates of mortality risk following ART initiation
Of the participants who initiated ART, 55 (7%) died from a non-injury related cause within 365 days of ART initiation, including 32 (5%) in Nairobi and 23 (11%) in Maseno. The median Fig 2) . Increased risk of mortality associated with age (HR 1.04 for a one-year increase; 95% CI 1.02, 1.07; P<0.001) persisted in models adjusted for location, gender, education, PDR, CD4 count, and BMI (Table 4 ). Males had 1.74-fold increased risk of mortality than females (95% CI 1.02-2.95; P = 0.041), which remained when adjusting for location, age, education and PDR, but not when adjusting for BMI and/or CD4 count. A one-year increase in education was associated with a decreased risk of mortality (HR 0.92; 95% CI 0.88, 0.97; P = 0.002), which remained when adjusting for other variables. Unemployment was associated with an increased risk in unadjusted analyses (HR 1.89; 95% CI 1.05, 3.40; P = 0.033). Participants with a CD4 count <100 had a 11.67-fold increased risk of mortality compared to those with 200-349 cells/μL (95% CI 4.93, 27.65; P<0.001). Participants with a low BMI (<18.5 m/kg 2 ) vs. healthy BMI (18.5-24.9 m/kg 2 ) had a 4.99-fold increased risk (95% CI 2.79, 8.92; P<0.001). The associations between CD4 and BMI with increased mortality risk persisted in multivariable analyses. Those with PDR (�2% detected via OLA) had a 2.49-fold increased risk of mortality than Early mortality risk post-ART initiation in Kenya those with wild-type virus (95% CI 1.29-4.79; P = 0.006), which remained when adjusting for location, age, gender, education, and BMI, but not when adjusting for CD4 count. There was no statistically significant difference in mortality risk between those who did or did not receive the RCT intervention. There was no significant association for relationship status and mortality risk. Sanitation (type of toilet) was collinear with location (see Table 1 ), so was excluded from this analysis.
Maseno had a 2.20-fold greater risk of mortality than Nairobi (95% CI 1.29, 3.76; P = 0.004) ( Table 3 ; Fig 2) . This association remained when adjusting for age, gender, education, PDR, and CD4 count, but not when adjusting for BMI (Table 4 ). When stratifying by location ( Table 5 ) we found CD4 count and BMI were associated with mortality at both locations, while older age and male gender were only statistically significantly associated with mortality in Nairobi. PDR was only associated with mortality in Maseno. When adjusting for the other variables, the association between CD4 count and BMI remained for both sites, as did older age and male gender for Nairobi, and PDR for Maseno. Lower education in Nairobi, and age and female gender in Maseno were associated with mortality in adjusted stratified analyses. The association between CD4 count, BMI, and PDR with increased mortality risk was greater in Maseno than in Nairobi in unadjusted analyses (Fig 3) . Adjusted associations between mortality and CD4 count and PDR remained greater in Maseno than Nairobi, though were similar across locations for BMI; only effect modification by location for CD4 count was statistically significant (P<0.001). Early mortality risk post-ART initiation in Kenya
Discussion
In this study of HIV infected adults in Kenya in 2013/14, we estimated the risk and identified correlates of mortality within a year of ART initiation. Overall, 7% of participants were known to have died within a year of initiating ART. This is similar to the 9% incidence estimated in a 2011 meta-analysis of studies from sub-Saharan Africa [9] . Compared to a large study of patients in Europe and North America [35], the mortality rates within a year were an order Table 3 . Unadjusted incidence rates and hazard ratios (HR) of mortality following ART initiation (N = 811) a . of magnitude higher in our study for those with a low CD4 count <100, but similar at CD4 counts >200 cells/μL. The majority (67%) of deaths in our study occurred within 3 months of initiating ART. This elevated risk of mortality within the first few months of ART initiation is consistent with other studies in sub-Saharan Africa and globally [13, [35] [36] [37] [38] . Interventions to modify the risk of early mortality may be most effective by targeting this time-frame, in addition to efforts to diagnose and treat individuals earlier in HIV disease progression. We found that a low CD4 lymphocyte count, low BMI, rural location, increased age, male gender, fewer years of education, unemployment, and PDR were associated with greater risk of mortality. Low CD4, low BMI, and PDR were associated with a greater risk of mortality at the rural location compared to those at the urban location. Because the clinics were designed and managed by the Coptic Hospital to provide the same high level of services and programs [26, 27] , differences by location are more likely due to regional or rural/urban disparities in underlying health and infectious disease burden [19] . The higher risk of death in rural Maseno compared to urban Nairobi remained even when controlling for CD4 count, but not when controlling for BMI indicating that poor nutrition may explain some of the higher risk of mortality in this rural setting. Stratified analyses suggest that the consequences of poor nutrition, low pre-ART CD4 count, and drug resistance may be more severe in rural settings where the risk of coinfections is higher [22] [23] [24] [25] . Providing ARV-naïve individuals with point-of-use water filtration and/or long-lasting insecticide-treated bed nets has been shown to prevent diarrheal disease and malaria and delay HIV disease progression [39, 40] . While evidence is needed to determine if such interventions would be effective at reducing short-term mortality among individuals with more advanced HIV progression initiating ART, more aggressive management of coinfections has been shown to be beneficial in the REALITY trial and could improve outcomes for late presenters [41]. 
Variables Deaths/person-years Incidence (95% CI) b HR (95% CI); p-value c
HR (95% CI); p-value b HR (95% CI); p-value b HR (95% CI); p-value b HR (95% CI); p-value b
Maseno vs. Nairobi Early mortality risk post-ART initiation in Kenya
Our results are generally consistent with previous studies investigating post-ART mortality among HIV-infected adults in sub-Saharan Africa. Similar to other studies, older age was associated with mortality [7, 9, 10] and is consistent with older adults being diagnosed and presenting for treatment later, with less immune recovery during treatment [42] . Male gender has been associated with higher post-ART mortality in many studies [7, [9] [10] [11] including those conducted in coastal and Western Kenya [14, 43] . We previously found males to be at higher risk of attrition from clinic attendance at the same Coptic Hope Center in Nairobi [44] . HIVinfected men have been shown to have later diagnoses and ART initiation, worse engagement, poorer adherence, and more severe outcomes including mortality than women throughout low-and middle-income countries [11, 45] . The results of our study add to the expanding body of literature demonstrating high mortality risk among HIV-infected men and underscore the continued need to engage and retain men in care.
The independent association we found between low BMI and mortality is also consistent with prior studies [9, [46] [47] [48] [49] . Even among ARV-naïve patients with less advanced HIV (CD4 �350 cellsμ/L), low BMI was associated with increased mortality risk in a study in Uganda [50] . Weight loss was found to be associated with mortality in studies of patients initiating [36] or currently on ART [51] and weight gain is associated with greater survival [49, 52, 53] . While nutritional supplementation and food assistance have effectively increased BMI in some [54-57], but not all studies [58] , such interventions have not been shown to significantly decrease short-term mortality risk in HIV-infected adults [58, 59] . However, evidence is limited and Early mortality risk post-ART initiation in Kenya nutritional supplementation has been shown to be cost-effective for reducing mortality in severely underweight individuals [60]. There is limited evidence regarding PDR and short-term mortality risk in published studies. While PDR was not statistically significantly associated with mortality within one and two years of ART initiation in a study across Kenya, Nigeria, South Africa, Uganda, Zambia, and Zimbabwe [18] , it was found to be associated with death among those on ART for at least 6 months in one study conducted in Malawi, Kenya, Uganda, and Cambodia [17] . In adjusted analysis in our study, the association between PDR and mortality remained statistically significant only among rural Maseno participants. Further study is needed to understand the mechanisms by which PDR contributes to early morality after ART initiation. Given the substantial evidence of virologic failure and poor health outcomes among patients with PDR initiating ART in resource limited settings [17, 34, 61, 62] and observed increases in PDR prevalence [28, 63] , scale-up of resistance testing and/or alternative ARV combinations may be warranted. Utilizing ARVs like dolutegravir with a higher barrier of resistance [64] could be beneficial in Kenya and similar settings where first-line regimen recommendations currently include NNRTI based ART [2, 65] .
There is mixed evidence regarding the association between socioeconomic status and short-term mortality among HIV-infected individuals initiating ART [12] [13] [14] [15] . We found that greater years of education and employment were protective, and unemployment was also associated with not initiating ART (many non-initiators were known mortalities). While unemployment may be associated with underlying severe illness leading to both inability to work and early mortality, the independent association found with education suggests less educated individuals may require additional support to mitigate their higher risk of short-term mortality. There is mixed evidence that single marital status may be associated with higher risk of HIV-related mortality [13, 14] , and we did not observe an association in our study.
Study limitations include that baseline viral loads were not determined on all subjects who died or were lost to follow-up, so could not be used in regression analyses, and use of a single pre-enrollment CD4 count measurement [66, 67] . However, CD4 count has commonly been used in clinical settings to define the health and severity of HIV-infected individuals [2, 6, 35, 68, 69] . More direct measures of socioeconomic status, like income, were unavailable for our analyses. Our study also did not investigate the impact of poor adherence to medications nor quantify non-fatal indicators of poor health. Data to specifically identify immune reconstitution inflammatory syndrome (IRIS) were not collected, though the timing of most deaths suggests that looking for IRIS may be an important intervention. The results of our study may not be generalizable to the HIV infected population in Kenya given the intensity of study followup often not feasible for patients in a normal clinic setting, and that study data represents only two clinics located in separate geographic regions. Although our study was nested in an RCT, 82.7% of screened participants were enrolled [29] suggesting reasonable coverage of the population in care. We also found no significant difference in mortality risk due to the RCT intervention. Our study has notable strengths as a large prospective cohort study with careful follow-up and tracking, assessment of mortality, and high retention. For example, only 5% of participants were lost to follow-up within 12 months in our study, which is much lower than the 20% within 6 months and 10% within 6-12 months of initiating ART reported in the large cohort in Kenya within the International Epidemiologic Databases to Evaluate AIDS (IeDEA) Collaboration [8] . High retention in our study was likely due to intensive follow-up and contributes to more precise and robust mortality risk estimates in our study. The Coptic Hospital Hope Center clinics are designed to provide uniform high standard of care [26, 27] across regional locations, allowing us to look beyond health service delivery as a contributor of differences in mortality. Using a prospective longitudinal study design with monthly/bi-monthly follow-up visits, we were able to control for losses to follow-up and minimize biases in our analyses using Cox proportional hazards regression.
Conclusions
We found a high proportion of HIV-infected patients initiating ART with low CD4 counts, indicative of delayed treatment and increased risk for poor health outcomes and transmission to others. This study identifies multiple potentially modifiable risk factors associate with increased mortality within the first year of ART. Targeted interventions to patients with a low CD4 count at presentation, as well as to those who are older, male, less educated and unemployed, and those with low BMI or PDR may help mitigate the risk of early mortality in Kenya and similar populations, especially in rural areas.
Supporting information S1 Table. List of baseline correlates and summary of cause/symptoms at the time of death (n = 81). Details on ART initiation status, gender, age, body mass index, CD4 count, pre-treatment drug resistance status, number of days from study enrollment to death, time from ART initiation to death, and summary of cause of death and/or symptoms at time of death when available by location: A) Nairobi and B) Maseno. 
